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SPECIFICATION 

1 . Title of the Invention 

Image Display Apparatus and 
Manufacturing Method Thereof 

2. Scope of Claim for Patent 

(1) An image display apparatus characterized in that two 
different kinds of insulating layers through which a hole 
is formed exist between polysilicon deposited on a quartz 
substrate and a pixel electrode layer, said polysilicon is 
directly in contact with said pixel electrode layer in the 
region of said hole, and said hole is sharply enlarged so 
as to be widen upward. 



(2) A method of manufacturing an image display apparatus, 
characterized by including a step of depositing a pixel 
electrode layer in such a manner that when two insulating 
layers deposited on polysilicon on a quartz substrate are 
etched to form a hole reaching said polysilicon, the side 
wall of the hole is made to slant by utilizing side-etching 
of an upper insulating layer, and the pixel electrode layer 
is deposited thereon. 

3. Detailed Description of the Invention 
[Industrial Field of Application] 

The present invention relates to an image display 
apparatus capable of being used as a display for a word 
processors, a television, or various computers, and to a 
manufacturing method thereof. 
[Prior Art] 

Explanation will now be made with respect to the 
structure of conventional contact between a pixel electrode 
layer and polysilicon to form a thin film transistor for 
switching. Fig. 3 shows the structure of a conventional 
contact portion. In Fig. 3, reference numeral 11 denotes a 
quartz substrate and reference numeral 12 indicates 
polysilicon. The thin film transistor for switching is 
formed by using the polysilicon 12. The polysilicon in the 
contact portion indicates an N-type or a P-type due to 
doping. Reference numeral 13 denotes NSG (Nondoped- 



Silicon-Glass) for interlayer insulation; 14 p^-SiNx(l) 
carrying out a function to protect M wiring when ITO is 
etched; 15 Al} 16 Cr; 17 ITO as an pixel electrode; and 18 
p^-SiNx(2) as passivation. 
[Problems that the Invention is to Solve] 

In the above structure of the conventional contact 
portion, the ITO as a transparent pixel electrode is not 
directly in contact with the polys ilicon but Al and Cr 
exist between them. Accordingly, there are such drawbacks 
that the number of processing steps necessary for the 
contact formation is increased, the yield in the 
manufacture of the image display apparatus is deteriorated, 
and it is comparatively high in cost. 

It is an object of the invention to provide an image 
display apparatus in which the conventional drawbacks are 
solved, the structure is simplified, and the number of 
manufacturing processes is small. 
[Means for Solving the Problems] 

According to the invention, there is provided an 
image display apparatus wherein two different kinds of 
insulating layers through which a hole is formed exist 
between polys ilicon deposited on a quartz substrate and a 
pixel electrode layer, the polysilicon is directly in 
contact with the pixel electrode layer in the region of the 
hole, and the 'hole is sharply enlarged so as to be widen 



upward . 

There is provided a manufacturing method thereof 
including a step of depositing a pixel electrode layer in 
such a manner that when two insulating layers deposited on 
polysilicon on a quartz substrate are etched to form a hole 
reaching the polysilicon, the side wall of the hole is made 
to slant by utilizing side-etching of the upper insulating 
layer and the pixel electrode layer is deposited thereon . 
[Operation] 

Due to the structure and method of forming a contact 
hole according to the invention, a process to form a Cr 
layer can be eliminated, the process can be simplified as 
compared with the conventional one, and the contact between 
the polysilicon and ITO can be surely formed. Consequently, 
it is possible to improve the manufacturing yield of the 
apparatus can be raised and, further, the cost can be 
reduced. 
[Embodiment] 

An embodiment according to the invention will now 
be described with reference to Figs. 1 and 2A and 2B. 

Fig. 1 is a constructional diagram of a contact 
portion between a pixel electrode layer and a thin film 
transistor forming layer according to the invention. In 
Fig. 1, reference numeral 1 denotes a quartz substrate and 
reference numeral 2 indicates polysilicon. A thin film 



transistor for switching is formed by using the polys ilicon 
2. The polys ilicon in the contact portion is set to N-type 
or P-type due to doping. Reference numeral 3 denotes NSG 
for interlayer insulation; 4 p^-SiN^Cl); 5 ITO of the pixel 
electrode; and 6 p^"SiNx{2) as passivation. As mentioned 
above, the polysilicon 2 is directly in contact with the 
ITO 5. 

Subsequently, a method of forming the contact will 
now be described on the basis of Fig. 2. As shown in Fig. 
2A, the polysilicon 2, NSG 3, p^-SiN^ 4 are sequentially 
deposited on the quartz substrate 1. A portion where the 
contact is formed is patterned by a resist 7. Subsequently, 
the resultant one is etched by using a hydrofluoric acid 
solution of 7%. The etching rate of the p^-SiN^ to the 7% 
hydrofluoric acid solution is quicker than that of the NSG. 
Accordingly, when the etching is performed, the p/-SiNx is 
considerably side-etched. Consequently, when the contact 
hole reaches the polysilicon 2, it is as shown in Fig. 2B. 
That is, the contact hole is not formed in a step form but 
the side wall of the contact hole becomes gently-sloping. 
After the contact hole is formed as mentioned above, the 
resist 7 is removed, the ITO is deposited, and a heat 
treatment is performed at 125°C for 30 minutes to form 
ohmic contact directly between the ITO and the polysilicon. 
Finally, the p^^SiNx as passivation is deposited, so that 




the structure of the contact portion shown in Fig. 1 is 
completed. 

When the image display apparatus is formed by using 
the structure of the invention, the apparatus offers the 
same characteristics as the conventional one. 

In the embodiment, the 7% hydrofluoric acid solution 
is used as an etching liquid to form the contact hole. The 
etching liquid to allow the etching rate of the p^-SiN^ to 
be quicker than that of the NSG may be used. 

As mentioned above, according to the embodiment, 
even when the ITO is directly in contact with the 
polysilicon, the same image characteristics as the 
conventional one can be obtained. Consequently, the yield 
is raised as much as a decrease in number of manufacturing 
processes, so that the cost can be reduced. 
[Effects of the Invention] 

According to the invention, the formation of the 
contact hole is devised to allow the ITO to be directly in 
contact with the polysilicon, so that the manufacturing 
process can be simplified, the yield is raised, and the 
cost is drastically reduced. The effects on the practical 
use are large. 

4. Brief Description of the Drawings 

Fig. 1 is a constructional diagram of a contact 
portion between* ITO and polysilicon of an image display 

i7 




apparatus in an embodiment of the invention; Figs. 2A and 
2B are process diagrams showing a method of manufacturing 
the contact portion; and Fig. 3 is a constructional diagram 
of a contact portion of a conventional image display 
apparatus . 

1... quartz substrate, 2... polysilicon, 3... NSG, 4... p^- 
SiNx(l), 5... ITO, 6... p^"SiNx(2) 
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To Commissioner, 

1. Case Number: Japanese Patent No. 1-98721/1989 
2- Title of the Invention 

Image Display Apparatus and Manufacturing Method 

Thereof 

3 . Person who makes the Amendment 

Q 



Relation with the Case: Applicant 
Address: 1-1, Saiwai-cho, Takatsuki-shi, Osaka 
Name: (584) Matsushita Electronics Corp, 
Representative: Kazuhiko SUGIYAMA 

4 . Agent 

Address: Hoshino Building 3F, 1-35-8, Akabanenishi, 

Kita-ku, Tokyo 
Name: (53 08) Patent Attorney, TAKEDA 
Tel Number: 03(5993)7171 

5. Number of Claims increased by Amendment 0 

6. Object of Amendment 

Columns of "Scope of Claim for Patent", "Detailed 
Description of the Invention", and "Detailed Description of 
the Drawings" of the specification 

7. Contents of the Amendment 

(1) "Scope of Claim for Patent" is amended as per 
annexed paper 

(2) At lines 7 to 8, page 2 of the specification (at 
line 17, page 33 of the translated specification), "of 
contact" is amended to "of a contact portion". 

(3) At line 14, page 2 of the specification (at line 1, 
page 34), "Silicon" is amended to "Silicate". 

(4) At line 15, page 2 of the specification (at lines 1 
to 2, page 34), "for interlayer insulation" is amended to 
"as an interlayer insulating film". 



(5) At lines 15 to 16, page 2 of the specification (at 
line 3, page 34), "when ITO is etched" is amended to "when 
ITO 17 is etched" . 

(6) At line 1, page 3 of the specification (at lines 8 
to 9, page 34), "the ITO ... the polysilicon" is amended to 
"the ITO 17 ... the polysilicon 12". 

(7) At line 2, page 3 of the specification (at line 9, 
page 34), "Af and Cr" is amended to "the Ki 15 and the Cr 
16". 

(8) At lines 11, 12, 14, 16, and 19, page 3 of the 
specification (at line 22 in page 34, at line 1 in page 35), 
"hole" is amended to "contact window". 

(9) At lines 16 to 18, page 3 of the specification (at 
lines 4 to 7, page 35), "(including a step of depositing a 
pixel electrode layer in such a manner that when) two 
insulating layers deposited on polysilicon on a quartz 
substrate are etched (to form a hole reaching the 
polysilicon)" is amended to "(including) a step of forming 
two insulating layers on polysilicon, in which the upper 
layer has an etching rate higher than that of the lower 
layer, on polysilicon( , when a hole reaching the 
polysilicon is formed) by etching,". 

(10) At line 20, page 3 of the specification (at lines 7 
to 10, page 35), "the side wall (of the hole) is made to 
slant (by utilizing side-etching of the upper insulating 



layer and the pixel electrode layer is deposited) thereon" 
is amended to "a step of making the side wall (of the 
contact window) slant (by utilizing side-etching of the 
upper insulating layer,) and (a step of depositing a pixel 
electrode layer) on the surface". 

(11) At lines 3 to 5, page 4 of the specification (at 

lines 12 to 14, page 35), "Due to of the 

invention, .... can be eliminated" is amended as follows. 

"Due to the structure and method of forming the 
contact window of the invention, the process of forming the 
Kl layer and the Cr layer can be eliminated and the 
polysilicon and pixel electrode layer can be deposited 
without interruption. Therefore," 

(12) At lines 6 to 7, page 4 of the specification (at 
lines 16 to 17, page 35), "can be surely formed" is amended 
to "can be surely performed". 

(13) At line 7, page 4 of the specification (at line 18, 
page 35), "of the apparatus" is amended to "of the image 
display apparatus". 

(14) At lines 7 to 8, page 4 .of the specification (at 
line 18, page 35), "can be raised" is amended to "can be 
improved" . 

(15) At line 17, page 4 of the specification (at line 3, 
page 36), "is formed" is amended to "has been formed". 

(16) At lines; 19 to 20, page 4 of the specification (at 



lines 5 to 6, page 36), "Reference numeral 3 denotes NSG 
for interlayer insulation; 4 p^-SiNx(l)" is amended to 
"Reference numeral 3 denotes NSG used as a lower interlayer 
insulating film; 4 p^-SiNx(l) used as an upper interlayer 
insulating film" . 

(17) At lines 2 to 3, page 5 of the specification (at 
line 8, page 36), "As mentioned above, the polysilicon 2 is 
directly in contact with the ITO 5" is amended to "The 
polysilicon 2 is directly in contact with the ITO 5 through 
a contact window formed through the NSG 3 and p/-SiNx(l) 4. 
The contact window has such a structure that it is extended 
upward . " 

(18) At lines 4 and 7 to 8, page 5 of the specification 
(at lines 10 and 14, page 36), "contact" is amended to 
"contact window" . 

(19) At lines 6 to 7, 11, and 12, page 5 of the 
specification (at lines 12, 17, and 19, page 36), "p^-SiN^" 
is amended to "p^-SiNx(l) 4". 

(20) At line 10, page 5 of the specification (at line 18, 
page 36), "NSG" is amended to "NSG 3". 

(21) At line 11 in page 5 and line 9 in page 6 of the 
specification (at line 17 in page 3 6 and line 12 in page 
37), "quicker" is amended to "higher". 

(22) At lines 13, 15, 16, and 17, page 5 of the 
specification /(at lines 20, 22, 23, and 24, page 36), 



"contact hole" is amended to "contact window", 

(23) At lines 18 and 20, page 5 of the specification (at 
line 25 in page 36 and line 2 in page 37), "ITO" is amended 
to "ITO 5". 

(24) At line 20, page 5 of the specification (at line 2, 
page 37), "polysilicon" is amended to "polysilicon 2". 

(25) At line 20 in page 5 to line 1 in page 6 of the 
specification (at lines 1 to 2, page 37), "form ohmic 
contact directly" is amended to "obtain ohmic contact 
directly" . 

(26) At line 2, page 6 of the specification (at line 3, 
page 37), "p^-SiN^" is amended to "p^-SiNx(2) 6". 

(27) At lines 6 and 16, page 6 of the specification (at 
lines 10 to 11 and 21, page 37), "contact hole" is amended 
to "contact window" . 

(28) At line 9, page 6 of the specification (at lines 11 
to 12, page 37), "The (etching liquid ...) may be used" is 
amended to "Any (etching liquid ...) can be used", 

(29) At line 4, page 7 of the specification (at line 6, 
page 38), "contact portion" is amended to "contact window". 
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Document describing the Scope of Claim for Patent 



Scope of Claim for Patent 

(1) An image display apparatus characterized in that two 
different kinds of layers through which a contact window is 
formed exist between polysilicon deposited on a quartz 
substrate and a pixel electrode layer, s^iil polysilicon is 
directly in contact with said pixel electrode layer in the 
region of said contact window ,, and the contact window is 
sharply enlarged to as to be extended upward . 

(2) A method of manufacturing an image display apparatus, 
characterized by including: a step of forming two 

insulating layers in which the etching rate of an upper 

layer is higher than that q£ a lower layer on polysilicon 
on a quartz substrate; a Step Qf forming a contact window 
reaching said polysilicon due to etching and making the 
side wall of the contact window slant by utilizing side- 
etching of the insulating layer as s-aid upper layer; and a 
step of depositing a pixel electrode layer on the surface . 
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